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Abstract
We argue that in large classes of string compactifications with a MSSM-like structure
substantial flavor violating SUSY-breaking soft terms are generically induced. We
specify to the case of flavor dependent soft-terms in type IIB/F-theory SU(5) unified
models, although our results can be easily extended to other settings. The Standard
Model (SM) degrees of freedom reside in a local system of 7-branes wrapping a 4-fold
S in the extra dimensions. It is known that in the presence of closed string 3-
form fluxes SUSY-breaking terms are typically generated. We explore the generation
dependence of these soft terms and find that non-universalities arise whenever the
flux varies over the 4-fold S. These non-universalities are parametrically suppressed
by (MGUT/MPl)
1/3. They also arise in the case of varying open string fluxes, in this
case parametrically suppressed by α
1/2
GUT. For a standard unification scheme with
MGUT ≃ 1016 GeV and αGUT ≃ 1/24 these suppressions are very mild. Although
limits from the kaon mass difference ∆mK are easily obeyed for squark masses above
the present LHC limits, constraints from the CP-violation parameter ǫK imply squark
masses in the multi-TeV region. The constraints from BR(µ→ eγ) turn out to be the
strongest ones, with slepton masses of order ∼ 10 TeV or heavier required to obey the
experimental limits. These sfermion masses are consistent with the observed large
value mH ≃ 126 GeV of the Higgs mass. We discuss under what conditions such
strong limits may be relaxed allowing for SUSY particle production at LHC.
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1 Introduction
One of the most relevant aspects of low-energy supersymmetry is the potentially large
contribution of supersymmetric particles to processes that involve Flavor Changing
Neutral Currents (FCNC’s). These include the K0 −K0 oscillation and CP-violating
parameters ∆mK and ǫK , as well as lepton number violating transitions like µ → eγ
and other hadronic and leptonic processes involving heavier generations. All these
transitions may be induced by SUSY particles in the presence of flavor changing SUSY-
breaking soft parameters like off-diagonal scalar masses m˜ij , i 6= j [1–5] . These flavor
violating contributions may be too large and violate experimental bounds unless the
squark masses of the first two generations are almost degenerated and off-diagonal
masses are much suppressed. Otherwise the SUSY spectrum should be very heavy,
effectively decoupling from these low-energy transitions.
The presence or not of flavor violating couplings depends, of course, on what the
underlying source of SUSY-breaking is and on how it is transmitted to the visible
sector. In the context of gravity mediation, off-diagonal flavor violating scalar masses
may appear e.g. if the Ka¨hler metric of the MSSM quark/lepton superfields and their
derivatives on SUSY-breaking scalars do not align in flavor space, see e.g. [6] and
references therein. Similar flavor violating transitions may also originate from non-
perturbative superpotential contributions [7]. Other schemes like gauge or anomaly
mediation which transmit SUSY-breaking in a flavor universal manner were put forward
in order to avoid the presence of too large flavor violating transitions.
The question that we want to address in this work is whether in the more funda-
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mental setting of String Theory one can obtain information about the presence of flavor
violating SUSY-breaking soft terms. This is a question which has been controversial
and somewhat author-dependent in the last two decades (for some discussions on this
issue see e.g. [8–12].) The reason being that it is a general question which is difficult
to answer without both a scheme giving rise to a MSSM compactification as well as a
tractable source of SUSY-breaking.
During the last fifteen years important progress has been achieved both in the
construction of MSSM-like compactifications as well as controlled sources of SUSY-
breaking in String Theory [13]. In particular it has been found that generic closed
string fluxes in type IIB orientifold compactifications (or their F-theory generalisations)
provide a tractable source of SUSY-breaking soft terms. Such fluxes can be topologi-
cally non-trivial or may arise instead from the backreaction of localized SUSY-breaking
sources present in the compactification. In the simplest situations some Imaginary Self-
Dual (ISD) 3-form flux G3 may lead to non-trivial soft terms in a quite general setting.
From the point of view of the effective 4d supergravity, SUSY-breaking is triggered
by the auxiliary fields of the Ka¨hler moduli (moduli dominance). Explicit expressions
for the resulting soft terms have been obtained [14–18] and their low-energy LHC phe-
nomenology has been analysed [19–22] (see also [23–30]).
In a different development it has been realised that both gauge coupling unification
as well as a large Yukawa coupling for the top quark can be obtained in a rather general
form within the context of F-theory local SU(5) unification [31–38]. In this scheme the
SU(5) degrees of freedom live on 7-branes wrapping a 4-dimensional manifold S in the
six extra dimensions. The matter fields in the 5¯+10 of SU(5) are localized on complex
1-dimensional matter curves in S (see figure 1). Chirality is due to the presence of
magnetic open string fluxes F2 within the curve and family replication comes from the
degeneracy of zero modes of a Dirac equation in the compact dimensions [39–43].
One attractive aspect of this setting is that it is possible to write down explicit
expressions for the internal wavefunctions of the physical zero modes, at least on a
local approximation of the equations of motion. With these explicit expressions one
can obtain specific results for Yukawa couplings [44–51] and certain higher-dimensional
superpotential couplings like B-violating terms [12].
In this paper we combine for the first time these two ingredients (closed string
fluxes and local wavefunctions for chiral matter fields)1 to address the issue of flavor
1See also [52,53] for previous related work on wavefunctions for vector-like matter fields in presence
of closed string fluxes.
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Figure 1: Scheme of a IIB/F-theory SU(5) GUT. The six extra dimensions are compact-
ified on B3 whereas the SU(5) degrees of freedom are localized on a 4-cycle submanifold
S. The gauge bosons live on the bulk of S but the chiral multiplets are localized on
complex matter curves. At the intersection of two matter curves with a Higgs curve a
Yukawa coupling develops.
changing soft terms. Although we concentrate on the general setting of type IIB
orientifold/F-theory local SU(5) compactifications, the idea is quite general and can be
applied to large classes of type IIA, type IIB and heterotic compactifications; and more
generally, to theories with extra dimensions in which chirality is induced by magnetic
fluxes along the internal dimensions. In all such theories with the gauge and matter
degrees of freedom localized within a compact 2n-dimensional manifold S in the extra
dimensions, SUSY-breaking masses arise from terms of the general form
Φi(x)Φj(x)
∗
∫
S
dnz dnz¯ C(z, z¯) φ
(0)
i (z, z¯)φ
(0)
j (z, z¯)
∗ (1.1)
where z denote collectively the complex coordinates of S. The indices i, j = 1, 2, 3 are
SM generation indices and φ
(0)
i are zero mode wavefunctions corresponding to 4d SM
matter fields Φi. The function C(z, z¯) is a background factor, that in the case of String
Theory depends on the internal geometry and the closed and open string fluxes. In
general the internal wavefunctions of the three SM generations depend differently on
the compact dimensions. Taking an orthonormal basis for the zero modes, the resulting
4d mass matrix is diagonal and degenerate when C(z, z¯) is constant over S. On the
other hand, in the most general situation on which C(z, z¯) is not constant, the mass
3
matrix is generation dependent and non-diagonal.
In the context of local IIB/F-theory SU(5) models we can be more specific for the
general expression (1.1). With that aim, in this work we compute the soft SUSY-
breaking terms for matter fields localized on 5-plet matter curves by expanding the
Dirac-Born-Infeld and Chern-Simons (DBI+CS) 7-brane action in the presence of
closed string ISD fluxes G(0,3). This was already computed in ref. [18] for adjoint
matter fields living on the bulk of S. Here instead, by inserting the local wavefunctions
of MSSM fields in the DBI+CS action, we generalise the above computation to the
more interesting case of fields localized on matter curves, which is the relevant one
for local F-theory SU(5) unification. Interestingly, the soft terms that we obtain for
constant flux density G(0,3) agree with those obtained from the effective N = 1 su-
pergravity effective action for modulus dominance in [19, 54–56]. Our results however
give for the first time a microscopic and more model-independent derivation of the soft
term structure, and allow to deal with more general cases than that of constant fluxes.
By allowing for non-constant local densities of closed and open string fluxes, flavor
violating soft masses do indeed generically appear. We find that the main non-universal
contribution of the flux densities leads at the unification scale to (see table 1 for more
detailed results)
δ˜12 ≃ m˜
2
12
m˜2
≃
{
a (MGUT/MPl)
1/3 (cosed string flux)
b (αGUT)
1/2 (open string flux)
for the off-diagonal mixing of the first two generations. Here m˜ is the averaged sfermion
mass and a and b are constants of order one. In the case of non-constant densities of
closed string fluxes G(0,3) the induced off-diagonal mixing is parametrically suppressed
by (MGUT/MPl)
1/3. This dependence can be easily understood: the smaller the volume
of the 4-dimensional submanifold S compared to the overall volume Vol(B3) ∝ M2Pl,
the less the flux density varies. In the case of non-constant densities of open string
fluxes, off-diagonal terms are proportional to the flux density F2 ∝ α1/2GUT.
Although parametrically suppressed, the actual values (MGUT/MPl)
1/3 ≃ 0.1 and
α
1/2
GUT ≃ 0.2 are not that small and non-universalities at the unification scale are rela-
tively large, of order 30 %. Despite of this, the renormalization group (RG) running of
the squark masses down to low-energies dilutes substantially the mixing, giving rise to
an extra suppression factor of order O(1/10) for squarks, so that the limits from ∆mK
in the kaon system are automatically satisfied for squark masses that are consistent
with the current LHC limits. Hence, in the case of the d˜ and s˜ squarks the strongest
bounds actually come from the CP violation limits in kaons. The RG dilution is not
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enough in this case to get sufficient suppression and d˜ and s˜ squarks must have masses
in the several TeV region. The bounds for sleptons are even tighter, as in this case the
RG running to low-energies is smaller and does not dilute the mixing sufficiently. In
particular we find that to satisfy the bounds coming from the yet unobserved µ→ eγ
decay the sleptons are required to have masses in the & 10 TeV region, much above
LHC limits.
Although there is considerable uncertainty from model dependent factors (reflected
in the a and b coefficients in eq. (1.2)), the general results seem to indicate that multi-
TeV (or heavier) squarks and sleptons may be needed for consistency with experiment.
Whereas this may look discouraging for the LHC, the presence of a Higgs mass around
mH ≃ 126 GeV already motivates models with heavy squark sectors. Our results point
towards the same direction. On the other hand, as we describe in section 4, if the
fluxes are not strongly varying (e.g. if a symmetry exists that forbids the leading linear
coordinate dependence) the bounds are substantially relaxed and there is a chance of
producing SUSY particles at LHC.
The structure of this paper is as follows. In the next section we obtain general
expressions for closed string flux induced soft terms for the scalar fields that localize
on matter curves of local IIB/F-theory SU(5) GUT’s. The leading dependence of these
soft terms on the open string flux is also obtained. In section 3 we compute the off-
diagonal flavor violating mass terms induced by (non-constant) densities of closed and
open string fluxes. We also discuss the constraints on squark and slepton masses to
have sufficiently suppressed FCNC processes, including CP violation in the kaon system
as well as limits from µ→ eγ. In section 4 we briefly discuss under what conditions the
strong constraints on the squark/slepton masses from FCNC limits could be relaxed.
The last section includes a general discussion of the results and possible generalisations
to other schemes.
2 Soft terms for local chiral matter fields
We consider type IIB compactifications with magnetized intersecting D7-branes (or
their more general F-theory counterparts). We are in particular interested in compact-
ifications that lead to local SU(5) GUT’s [31–38], although our results will apply to
more general configurations. In those compactifications the SU(5) gauge degrees of
freedom reside in the worldvolume of a single stack of D7-branes that wraps a 4-cycle
S in the compact 3-fold B3. The 4d SU(5) gauge coupling is related to the size of S
5
(see e.g. [13])
α−1GUT =
Vol(S)
8π4gsα′2
(2.1)
whereas gravitational effects are controlled by the overall volume of B3, with the
Planck’s mass given by
MPl =
√
2Vol(B3)
4π3gsα′2
(2.2)
Here α′ and gs are the string slope and coupling constant respectively. In terms of
these the SU(5) unification scale reads
MGUT =
(
2αGUT
α′2gs
) 1
4
. (2.3)
In what follows we assume that B3 is such that Vol(B3) and Vol(S) can be tuned
independently. A remarkable property of such compactifications is that gravitational
effects can be consistently decoupled from the SU(5) gauge dynamics by taking the
volumes such that
̺3 ≡ Vol(S)
3/4
Vol(B3)1/2
=
√
2
αGUT
MGUT
MPl
≪ 1 (2.4)
In that case the 4d effective theory can be expanded in a power series of ̺. In particular,
for the observed values of α−1GUT ≃ 24 and MPl ≃ 1.2 × 1019 GeV this is a valid
perturbative expansion as long as
MGUT ≪ 3.5× 1017 GeV . (2.5)
To leading order in this expansion, 7-branes are well described by 8d super Yang-
Mills theory (SYM), twisted appropriately in order to account for the possibly non-
trivial normal bundle [31, 32]. For simplicity here we take a trivial normal bundle,
so that the complex 4-cycle S is actually Ricci-flat and the normal deformations of
the D7-branes are parametrized in terms of a single 8d complex scalar field Φ that
transforms in the adjoint representation of the gauge group.2 The Lagrangian for the
8d bosonic fields is therefore given by
LSYM = Tr
(
DaΦD
aΦ¯− 1
4
FabF
ab
)
(2.6)
where Da are the gauge covariant derivatives.
2The generalization to cases with non-trivial normal bundle is however straightforward, as it can
be achieved by changing the magnetization along the canonical bundle in an amount proportional to
the R-charge of the field (see e.g. [48]).
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Massless matter multiplets transforming in the 5 or 10 representations (or their
conjugates) of SU(5) arise at the intersections of the GUT D7-branes with other 7-
branes. Each intersection spans a complex curve or matter curve in S along which the
gauge symmetry is enhanced. The net 4d chirality of these multiplets is determined
by the first Chern class of the magnetization along the matter curve and the number
of intersections.
For concreteness let us consider the case of a 5¯ matter curve localized at the in-
tersection of the SU(5) stack with an additional U(1) D7-brane. Denoting by x and y
the two local complex coordinates in S, we choose the intersection locus to be given
by x = 0. At this locus the SU(5) gauge symmetry is enhanced to SU(6) accordingly
to the decomposition
SU(6) → SU(5)× U(1) (2.7)
35 → 240 ⊕ 10 ⊕ 5−1 ⊕ 5¯1
The 4d effective theory can be thus described by dimensionally reducing (2.6) with
SU(6) gauge group in the presence of a background for Φ of the form
〈Φ〉 = m
2
xQ (2.8)
where Q is the generator of the U(1) factor in eq. (2.7), namely
Q =
1√
60
diag(1, 1, 1, 1, 1,−5) (2.9)
and m is a parameter (with mass2 dimensions, see eq. (3.31)) related to the intersection
angle. We take the usual conventions for the normalization of the SU(6) generatores,
Tr(Q2i ) = 1/2.
To have a chiral spectrum in 4d, we also consider the presence of a magnetization
of the form
〈F2〉 = iM(dx ∧ dx¯− dy ∧ dy¯)Q (2.10)
This particular structure for the magnetization satisfies the D-term equations and leads
to a N = 1 supersymmetric spectrum in 4d [46–51].
Fields transforming in the adjoint representation of SU(6) can be decomposed ac-
cordingly to (2.7) as
Φ =
(
Φ24 Φ5
Φ5¯ Φ0
)
, A =
(
A24 A5
A5¯ A0
)
(2.11)
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Upon dimensional reduction the 8d fields Φ5¯ and A5¯ lead to three Kaluza-Klein (KK)
towers of 4d complex scalars φ
(k)
i (xν), i = 1, 2, 3, and one KK tower of 4d gauge bosons
X
(k)
µ (xν),
Φ5¯ =
∑
k
φ
(k)
3 (xν)ϕ
(k)(z, z¯) (2.12)
A5¯ =
∑
k
[
X(k)µ (xν)χ
(k)(z, z¯)dxµ +
(
φ
(k)
1 (xν)a
(k)
x¯ (z, z¯)dx¯ + φ
(k)
2 (xν)a
(k)
y¯ (z, z¯)dy¯ + c.c.
)]
all of them transforming in the 5¯ of SU(5). We make use of the short notations (z, z¯)
and (xν) to represent a generic dependence on all the coordinates of S and the 4d space-
time directions respectively. In what follows we focus on 4d scalar zero modes. Their
internal wavefunctions a
(0)
x¯ , a
(0)
y¯ and ϕ
(0) satisfy the following system of differential
equations, derived from the equations of motion of (2.6), [46–51]
MΨ
(0)
5¯
(z, z¯) = 0 (2.13)
where
M =


△+ qM 0 qm
2
0 △− qM 0
qm
2
0 △

 , Ψ(0)5¯ (z, z¯) =


a
(0)
x¯
a
(0)
y¯
ϕ(0)

 , △ = −
3∑
j=1
D†jDj
(2.14)
and
D1 = ∂x − qM
2
x¯ D†1 = ∂¯x¯ +
qM
2
x (2.15)
D2 = ∂y +
qM
2
y¯ D†2 = ∂¯y¯ −
qM
2
y
D3 = −qm
2
x¯ D†3 =
qm
2
x
with q =
√
3
5
the U(1) charge normalisation of Ψ(0). The reader may easily check that
for M < 0 there is a set of r massless scalars with normalizable wavefunction given by
Ψ
(0)
5¯i
(z, z¯) =
1√
2λ(λ−M)


M − λ
0
m

ψ+i (z, z¯) , i = 1, . . . , r (2.16)
where we have defined the functions
ψ±i (z, z¯) ≡ Nifi(y) exp
[
−qλ
2
|x|2 ± qM
2
|y|2
]
(2.17)
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Here Ni is a normalization constant, λ ≡
√
M2 +m2 and fi(y) are holomorphic func-
tions of y. The degeneracy r and the holomorphic functions fi(y) can only be deter-
mined in terms of the global topology of S and the gauge bundle.
Similarly, for M > 0 there is a set of r massless scalars transforming in the 5 of
SU(5) with normalizable wavefunction given by
Ψ
(0)
5i
(z, z¯)
†
=
1√
2λ(λ+M)


M + λ
0
m

ψ−i (z, z¯) , i = 1, . . . , r . (2.18)
For M 6= 0 the wavefunctions Ψ(0)
5i
and Ψ
(0)
5¯i
are mutually exclusive, being only one of
the two sets normalizable, and corresponding to a chiral spectrum in 4d. Since the
local background that we have taken preserves N = 1 supersymmetry, the above set
of massless scalars are actually the bosonic components of r massless N = 1 chiral
supermultiplets.
In a complete model the right-handed down squarks and the left-handed sleptons
are contained in the 5¯ of SU(5) and therefore are well described by the above setup with
M < 0.3,4 Moreover we take r = 3, corresponding to the three families of the Standard
Model. In that case we can take a basis such that the expansion of the holomorphic
functions fi(y) around the origin reads
fi(y) = y
3−i +O (y4) , i = 1, 2, 3 (2.19)
In particular wavefunctions of different families localize in slightly different regions of
the 4-cycle S due to their different holomorphic pieces fi(y).
Due to the Gaussian localization in both x and y the replacement S ∼ C2 is a suit-
able approximation when Vol(S) is large in string units. Normalizing the wavefunctions
in C2 we get
Ni =
√
qλ|qM | 4−i2
π
√
(3− i)! . (2.20)
Having the wavefunctions of the 4d chiral fields in a SU(5) GUT model one can
compute their couplings in terms of integrals of overlaps of wavefunctions, as dictated
3Alternatively, in the case where F2 also vanishes, the above matter curve would instead lead to a
set of r vector-like pairs of N = 1 supermultiplets transforming in the 5⊕ 5¯ of SU(5). In a complete
model these would be identified with r Higgs-up and r Higgs-down multiplets.
4In this work we only consider models where all three families arise from the same matter curve.
Alternatively different families could arise from different matter curves [57, 58]. Although a detailed
analysis is required, in that case we expect larger FCNC’s because wavefunctions of different families
are typically localized at points in S that are farther away from each other.
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by dimensional reduction of the 8d Lagrangian (2.6). Since the wavefunctions are
localized in the internal dimensions, the integrals receive only contributions from the
background in a local patch around the localization point. Such approach has in
particular turned out to be very fruitful in studying the flavor structure of Yukawa
couplings [44–51], where it has been shown that in the limit ̺ → 0 only the Yukawa
coupling of the third family is non-zero, providing a natural origin for the hierarchical
mass of the top quark in the Standard Model.
In what follows we would like to extend the above techniques to the computation of
soft SUSY-breaking terms. Note that the background near the localization point, given
in eqs. (2.8)-(2.10), preserves N = 1 supersymmetry in 4d and therefore soft terms for
the GUT multiplets vanish. Hence, we should first extend the local background to
a more general one that breaks supersymmetry, for instance through the presence of
closed string fluxes. In a full-fledged global setup, such local density of supersymmetry-
breaking flux may arise from the presence of topological fluxes along some of the
cycles of B3 but also from the backreaction of distant localized sources that break
supersymmetry, such as e.g distant anti-branes or non-perturbative effects leading to
dynamical SUSY-breaking. Whereas closed string fields are non-dynamical in the limit
(2.4), the 4d soft terms induced by their backgrounds survive to that limit (recall that
they are defined in the limit MPl → ∞) as long as the gravitino mass m3/2 is kept
finite.
For simplicity here we only consider a background near the GUT-branes given by a
local density of RR and NSNS 3-form fluxes G3 = F3− τH3 of type (0, 3) with respect
to the local complex structure, where τ = C0 + ie
−φ is the complex axio-dilaton.
Such local configuration of the background arises naturally e.g. in the Large Volume
Scenario [24–26,59,60], where the dominant source of SUSY-breaking is the F-term of
the Ka¨hler modulus that controls the size of the 4-cycle S. Soft-terms for magnetized
intersecting D7-branes probing more general flux backgrounds will be considered in [61].
In the presence of a non-trivial density of 3-form flux near the stack of 7-branes
the 8d Lagrangian (2.6) receives extra contributions from the flux. The leading contri-
butions for D7-branes were computed in [18] by expanding the non-Abelian DBI+CS
action [62] in powers of the transverse fluctuations Φ, from which a microscopic com-
putation of the flux-induced soft terms for non-magnetized non-intersecting D7-branes
was performed. Here we are interested in doing an analogous microscopic computation
for intersecting magnetized D7-branes. For our current purposes the relevant piece of
10
the D7-brane DBI+CS action is
S8d = µ7gsTr
[
−
∫
R1,3×S
d8ξ
√
−det
(
gab + 8π2α′2D(aΦDb)Φ¯− g−1/2s Fab
)
+
∫
R1,3×S
C8
]
(2.21)
where we are working in the 10d Einstein frame, µ7 = (2π)
−7α′−4g−1s is the D7-brane
tension and we have defined
F2 ≡ B2 − 2πα′F2 (2.22)
Expanding the determinant and the square root to quadratic order in the fields we get
L8d = µ7gsTr
(
4π2α′2DaΦDaΦ¯− g
−1
s
4
FabFab + C8
)
(2.23)
In the limit (2.4) the dilaton, the B-field and the RR 8-form become auxiliary fields
tied to the transverse fluctuations of the brane. We take a gauge in which
B2 = gsα
′πi
(
G(z, z¯) Φ¯ dx¯ ∧ dy¯ −G∗(z, z¯) Φ dx ∧ dy)+ . . . (2.24)
with G(z, z¯) a complex function of the coordinates that parametrizes the density of
(0,3)-flux in S. The dots in this expression represent higher powers of the transverse
fluctuations. With this gauge choice the pull-back of the B-field to the D7-brane
worldvolume becomes trivial, P [B2] = B2. Making use of the 10d type IIB supergrav-
ity equations of motion it is possible to show that the RR 8-form potential in this
background is related to B2 as [18, 61]
C8 = −g
−1
s
2
B2 ∧B2 ∧ dx0 ∧ dx1 ∧ dx2 ∧ dx3 (2.25)
where xν , ν = 0, . . . , 4, are the coordinates along the non-compact directions. Hence,
eq. (2.23) finally becomes
L8d = Tr
(
DaΦD
aΦ¯ − 1
4
FabF
ab − gs
2
|G|2|Φ|2 + . . .
)
(2.26)
where we have rescaled the fields to have canonically normalized kinetic terms. Observe
that the local density of 3-form flux induces a 8d mass term for Φ. Upon dimensional
reduction in the presence of non-trivial backgrounds 〈Φ〉 and 〈F2〉 this leads to 4d soft
masses for the fields localized at the matter curves, as we show now.
Indeed, let us consider again the above example of the 5¯ matter curve containing
the right-handed down squarks and the left-handed sleptons of a local SU(5) GUT
and include a non-trivial density of 3-form flux G near the origin of coordinates where
the wavefunction (2.16) localizes. We saw respectively in (2.16) and (2.18) that fields
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transforming in the 5¯ (normalizable for M < 0) and in the 5 (normalizable for M > 0)
of SU(5) originate from a mixture between Ax¯ and Φ. More precisely,
(
φ
(0)
5¯i
(xν)ψ
+
i (z, z¯)
φ
(0)
5i
†(xν)ψ
−
i (z, z¯)
)
=

 M−λ√2λ(λ−M) m√2λ(λ−M)
M+λ√
2λ(λ+M)
m√
2λ(λ+M)

(A(0)5¯i,x¯
Φ
(0)
5¯i
)
(2.27)
where φ
(0)
5¯i
(xν) and φ
(0)
5i
(xν) are respectively the 4d scalars in the 5¯i and the 5i of SU(5),
and ψ±i (z, z¯) were defined in eq. (2.17). This relation can be inverted in order to express
Φ
(0)
5¯i
as
Φ
(0)
5¯i
=
√
λ−M
2λ
λ+M
m
φ
(0)
5¯i
(xν)ψ
+
i (z, z¯) +
√
λ+M
2λ
λ−M
m
φ
(0)
5i
†(xν)ψ
−
i (z, z¯) (2.28)
and therefore the 8d mass term for the corresponding block of Φ (c.f (2.11)) decomposes
in internal and external parts as
|Φ5¯|2 =
∣∣∣∣∣
∑
k
3∑
i=1
Φ
(k)
5¯i
∣∣∣∣∣
2
=
1
2
3∑
i,j=1
[
1−
∣∣∣∣Mm
∣∣∣∣ +O
(∣∣∣∣Mm
∣∣∣∣
3
)]
φ
(0)
5¯i
φ
(0)
5¯j
†ψ+i (ψ
+
j )
∗ + . . .
(2.29)
where we have expanded perturbatively in powers of the ratio |M/m| between the
magnetization and the intersection parameters. Higher-order terms in the brackets
contain only odd powers of |M/m|.
Since (2.27) is a SO(2) transformation, the 8d kinetic terms are simply reduced as
DµΦ5¯D
µΦ†
5¯
+ DµA5¯,1¯D
µA†
5¯,1¯
=
3∑
i,j=1
ψ+i (ψ
+
j )
∗Dµφ
(0)
5¯i
Dµφ
(0)
5¯i
† + . . . (2.30)
Plugging (2.29) and (2.30) into (2.26) and integrating over the 4-cycle S, we obtain
the expression for the 4d sfermion soft mass matrix of the 5¯ matter curve.5 To linear
order in the magnetization it is given by
m2ij =
gs
4Vol(S)
∫
S
d2zd2z¯
√
g4 |G|2
(
1−
∣∣∣∣Mm
∣∣∣∣
)
ψ+i (ψ
+
j )
∗ (2.31)
where g4 is the determinant of the metric in S and Vol(S) =
∫
S
d2zd2z¯
√
g4. Kinetic
terms are diagonal and canonically normalized.
5One may worry about possible corrections from the closed string fluxes to the wavefunctions (2.16)
and (2.18), since the latter were derived in absence of closed string fluxes. Those corrections indeed
arise (see [52,61]). However, for our current purposes they can be safely ignored, since in this setting
the scale of SUSY-breaking is much smaller than the unification and string scales,MSS ≪MGUT, Mst.
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Equation (2.31) is the main result of this section. For constant densities of magne-
tization M(z, z¯) = M0 and 3-form flux G(z, z¯) = G0 the integral becomes trivial and
the standard supergravity formula for the soft scalar masses in intersecting magnetized
7-branes is recovered [19, 54–56]
m2ij =
gs
4
δij |G0|2
(
1−
∣∣∣∣M0m
∣∣∣∣
)
. (2.32)
This mass matrix is diagonal and flavor universal, so that there are not new FCNC’s
induced beyond those of the Standard Model. The correction linear in the fluxes was
already advanced in refs. [19, 56]. In this constant case one also finds in the absence
of open string fluxes that M21/2 = gs|G0|2/2. From the point of view of the 4d effective
supergravity these soft terms arise from a non-vanishing F-term of the Ka¨hler modulus
that controls the size of the GUT 4-cycle and is therefore proportional, to leading order,
to the universal gaugino mass M1/2
m2ij =
M21/2
2
δij . (2.33)
However, in general there is no reason for the flux densitiesM(z, z¯) andG(z, z¯) to be
constant over the GUT 4-cycle S. In that case non-universal soft masses are expected
to arise from eq. (2.31). Morally, as different families of sfermions are localized in
slightly different regions of S because of their holomorphic factors (2.19), each family
feels a different density of 3-form flux and/or magnetization and therefore gets different
soft masses, see figure 2.
As we have already commented, such (non-constant) flux densities can arise from
the backreaction of distant sources or non-perturbative effects. The local background
near the GUT D7-branes can be understood in that case as originating from massive
open string modes that propagate between the distant sources and the stack of GUT
branes, and eq. (2.31) computes the thresholds to the sfermion mass matrix that result
from integrating out those heavy modes, in the same spirit than the supergravity
computation of gauge thresholds [63, 64].
In the remaining part of the paper we make use of eq. (2.31) to estimate the size of
non-universal soft masses in local SU(5) GUT’s with non-constant magnetization and
3-form flux and compare the resulting FCNC transitions with the current experimental
bounds.
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Figure 2: The 4-cycle S embedded in the ambient 3-fold B3. The density of three-form flux
G3 (black arrows) and magnetization F2 (red arrows) vary over S. Since wavefunctions of
different families are localized in different regions of the 5¯M matter curve, each family feels
a different density of G3 and F2, leading to non-universal soft masses in the 4-dimensional
effective theory.
3 Flavor non-diagonal soft terms
In the leptonic sector, the strongest flavor violating constraints come from limits for
the branching ratio for µ→ eγ. From the hadronic constraints, the strongest limits on
flavor dependent soft terms come from the kaon system, in particular from K0 −K0
oscillations and CP violation. The relevant quantities are the real and imaginary parts
of the off-diagonal d˜ − s˜ squark and e˜ − µ˜ slepton soft masses m˜212. In both the
leptonic and hadronic sectors, to directly compare with the experimental constraints it
is customary to work in a fermion basis in which the fermion mass matrix is diagonal.
In particular, for the kaon system one has
m˜2ij =
(
Udm
2
soft U
†
d
)
ij
, i, j = 1, 2, 3 (3.1)
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where m2soft is the original squark mass matrix before quark diagonalisation and Ud is
the unitary matrix that diagonalises the down-quark mass matrix. It is also customary
to work in the mass insertion approximation [65] where we expand on the ratio of the
off-diagonal terms over the averaged squark mass m˜2q˜ ,
δ˜dij =
m˜2ij
m˜2q˜
. (3.2)
There are in fact four 3×3 squark mass matrices (3.1), depending on the particular
chirality of the squarks, namely m2RR, m
2
LL, m
2
LR and m
2
RL. In the scheme for local
SU(5) GUT’s that we have described in the previous section, m2LR and m
2
RL are much
suppressed for the two lightest generations, which are the ones relevant for the kaon
system. This is because left- and right-handed squarks live in different matter curves
and their mass terms are proportional to the Yukawa couplings, being those negligible
for the first two generations. On the other hand m2LL and m
2
RR have both an analogous
structure so that our results below apply to m2RR or m
2
LL irrespectively. Note that the
down-quark mass matrix is in general not symmetric and it is actually diagonalized
by a bi-unitary transformation involving matrices URd and U
L
d simultaneously. Thus in
eq. (3.1) we should actually take Ud = U
L
d for m
2
LL and Ud = U
R
d for m
2
RR.
Focusing on the first two generations and taking Ud real for simplicity, we can
parametrize Ud by an orthogonal 2× 2 matrix
Ud =
(
cos θ sin θ
− sin θ cos θ
)
(3.3)
From eq. (3.1) we obtain
δ˜d12 =
2m212 cos 2θ + (m
2
22 −m211) sin 2θ
2m˜2q˜
. (3.4)
Barring accidental cancellations, the value of δ˜d12 is therefore controlled by the ratios
δd12 ≡ m212/m˜2q˜ and ρd12 ≡ (m222 − m211)/2m˜2q˜. Totally analogous formulae, with the
obvious changes, may be written for the slepton mass matrices relevant for the µ→ eγ
decay.
In the next two subsections we evaluate the size of δ˜12 in local SU(5) GUTs by
making use of the expression (2.31) for the soft scalar masses that we have derived
microscopically in the previous section. Note however that such expression is only valid
at the unification scale MGUT. To compare with the low-energy data we therefore have
to take into account the renormalisation group (RG) running from the unification scale
down to the electroweak scale. Since the Yukawa couplings of the first two generations
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are negligible, it is only the SUSY-gauge couplings that contribute to this running.
Integrating the RG equations we find [66]
m2(1st, 2ndgen.) = m20 + g(t)M
2
1/2 (3.5)
where we are assuming universal gaugino and scalar masses, M1/2 and m0, at the scale
MGUT.
6 We have defined
g(t) = 2
3∑
k=1
Ckbk
(
1− 1
(1 + βkt)2
)
(3.6)
where Ck is the quadratic Casimir corresponding to the particular scalar field (namely,
Ck =
N2−1
2N
, k = 2, 3, for the fundamental of SU(N)k and C1 = Y
2 for U(1)Y ) and the
β-functions are
βk =
αk(0)bk
4π
. (3.7)
For the evaluation of the β-functions we consider a MSSM spectrum, which yields
(b1, b2, b3) = (11, 1,−3) with α3(0) = α2(0) = 53α1(0) = αGUT ≃ 124 the gauge unifica-
tion constants. Finally, t = 2 log (MGUT/MSS) whereMSS is the scale of supersymmetry-
breaking.
In the case of squarks, the leading contribution to the running (3.5) comes from
its SUSY-QCD part and thus the averaged squark mass m˜q˜ has a substantial low-
energy running. On the other hand, due to the universality of gauge couplings both
(m222 −m211) and m212 have negligible low-energy running. This is important because it
means that in going from MGUT down to MSS, the ratio δ˜12 is diluted by a RG factor
which is typically of order
δ˜d12 →
δ˜d12
1 + g(t)ξ2
, ξ ≡ M1/2
m0
. (3.8)
For instance, for the type of 3-form fluxes with M21/2 = 2m
2
0 that we have discussed
in the previous section, and taking MGUT ≃ 1016 GeV and MSS ≃ 2 TeV, we obtain
g(t) ≃ 4.5 and therefore a suppression of order ≃ 1/10 for the ratio δ˜d11 with respect
to its value at the unification scale. This RG dilution turns out to be important in
comparing with the low-energy data and, in particular, in evaluating the squark mass
limits. On the other hand for the case of sleptons the dilution is weaker and for the
above parameters g(t) ≃ 0.5 so the suppression is only of order ≃ 1/2. This different
dilution will eventually make the slepton limits stronger than those coming from the
kaon system.
6The effect of the non-universalities of the squark masses on the running can be safely neglected.
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In what follows we compute the flavor mixing induced by variations of closed and
open string fluxes. We consider these two cases separately since, as it will become clear
below, terms coming from the simultaneous variation of closed and open string fluxes
are either suppressed or contribute to transitions between the first and third families
rather than between the two lightest families.
3.1 Flavor mixing from non-constant closed string fluxes
For concreteness we consider the 5¯ matter curve x = 0 that we have introduced in sec-
tion 2, with a non-constant density of closed string 3-form flux G(z, z¯) and a constant
density of magnetization M0 along the 4-cycle S. The structure for the local back-
ground is as described in section 2. The soft scalar masses for the right-handed down
squarks and the left-handed sleptons that are contained in the 5¯ matter curve can be
computed microscopically by means of eq. (2.31). Due to the Gaussian localization of
the wavefunctions ψ+i around the point x = y = 0, the dominant contribution to the
integral in (2.31) comes from the background near the localization point. It is therefore
convenient to perform an expansion of the closed string flux density in powers of the
local coordinates x, y of the 4-cycle
|G(z, z¯)|2 = |G0|2
(
1 + G∗y y +Gy y¯ + Gyy¯ |y|2 + . . .
)
(3.9)
where G0, Gy, here defined, are complex constants and Gyy¯ is real. We have only
displayed terms of the expansion that contribute to the flavor dependence of the two
lightest families. In particular, we have not shown the expansion in x since it has no
consequences for the flavor dependence.
For sufficiently large sizes of S we can extend the domain of integration to infinity,
so that (2.31) reads
m2ij =
gsNiNj
4
∫
C2
d2xd2y
[
|Gˆ0|2
(
1 + G∗yy +Gy y¯ + Gyy¯|y|2 + . . .
)
y3−iy¯3−j e−qλ|x|
2−q|M0||y|2
]
(3.10)
where we have defined
|Gˆ0|2 ≡ |G0|2
(
1−
∣∣∣∣M0m
∣∣∣∣
)
(3.11)
Let us compute first the diagonal terms i = j. Linear terms on x, y vanish upon
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integration, so that the only non-vanishing contributions are
m2ii =
gsNiNj
4
∫ ∞
0
2πx dx
∫ ∞
0
2πy dy |Gˆ0|2
(
1 +Gyy¯|y|2
)
e−qλ|x|
2−q|M0||y|2|y|2(3−i)
=
gs
4
|Gˆ0|2
(
1 +Gyy¯
4− i
q|M0|
)
. (3.12)
Similarly, for the off-diagonal ∆F = 1 soft masses we have
m2ij =
gsNiNj
4
∫ ∞
0
2πx dx
∫ ∞
0
2πy dy |Gˆ0|2
(
G∗yy +Gyy¯
)
e−qλ|x|
2−q|M0||y|2y3−iy¯3−j
=
gsk
4
|Gˆ0|2Gy√
q|M0|
, where k ≡
{ √
2 for i = 1, j = 2
1 for i = 2, j = 3
(3.13)
Finally, the off-diagonal ∆F = 2 mass term m213 is proportional to higher derivatives
of the 3-form flux and is therefore subleading with respect to m212 and m
2
23.
Summing up, the structure of the soft mass matrix (3.10) is given by

m2q˜ + δm
2
1 m
2
12 m
2
13
(m212)
∗ m2q˜ + δm
2
2 m
2
23
(m213)
∗ (m223)
∗ m2q˜ + δm
2
3

 (3.14)
where m2q˜ is the universal soft mass for constant density of fluxes, eq. (2.32), and the
flavor violating terms have the following hierarchical structure
m2q˜ > m
2
12, m
2
23 > δm
2
i , m
2
13 (3.15)
Making use of eqs. (3.12) and (3.13) we can estimate the size of the non-universalities
for the first two families in a generic model. Indeed, flux quantization gives us an
estimate of the dependence of the flux densities on the volumes of S and B3∫
Σi
F2 = 2πni ⇒ M0 ∼ 2πn
Vol(S)1/2
(3.16)
1
2πα′
∫
γj
G3 = 2πfj ⇒ G0 ∼ 4π
2α′f
Vol(B3)1/2
where Σi ∈ H2(S) and γj ∈ H3(B3) denote the 2-cycles and 3-cycles that support the
open and closed string fluxes, ni and fj are integer numbers, and the parameter n (f)
denote complex combinations of the various ni (fj) and the complex structure moduli
of B3. In the same vein, the derivatives of G(z, z¯) scale as
Gy ∼ 2 cy,G
Vol(B3)1/6
, Gyy¯ ∼ 4 cyy¯,G
Vol(B3)1/3
, (3.17)
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where cy,G (cyy¯,G) is an adimensional complex (real) constant.
A comment on the scale of SUSY-breaking is in order here. Defining the scale of
SUSY-breaking as MSS ≃ mq˜, from the above expressions we have
MSS ∼ 2π2α′|f |
(
gs
Vol(B3)
)1/2
∼ |f |M
2
GUT
2πMPl
√
αGUT
(3.18)
Hence, for |f | ≃ 1 and standard unification values MGUT ≃ 1016 GeV and α−1GUT ≃ 24
we would obtain MSS ≃ 6.5× 1012 GeV. However, it should be noted that the parame-
ter f in general receives contributions from a large number of 3-cycles (c.f. eq. (3.16)),
so that large cancellations can take place that lead to |f | ≪ 1 and lower the scale of
SUSY-breaking. This is similar to what occurs for the small superpotential parameter
W0 in KKLT vacua [67] and more generally for the cosmological constant in flux com-
pactifications [68–71]. In this work we therefore take |f | (and thusMSS) to be a tunable
parameter, perhaps selected on anthropic grounds. Nevertheless, the reader may note
that the dependence on f of the flavor mixing parameters δij and ρij cancels, and thus
the limits that we obtain below for the sfermion masses do not actually depend on the
tuning of f .
Making use of the scalings (3.16) and (3.17) we can estimate the dependence of the
non-universal soft scalar masses on the local expansion parameter ̺ defined in eq. (2.4).
Indeed, from eqs. (3.12) and (3.13) we observe that (δm222 − δm211) is of order O (̺2)
while the off-diagonal mass m212 is of order O (̺) and is thus dominant. For the two
lightest families we have
δ˜d12 =
m˜212
m˜2q˜
=
√
2Gy√
q|M0|
∼ 2 cy,G√
π|n|
(
5
3
)1/4
̺ (3.19)
In particular, when ̺≪ 1 the closed string flux varies very little over S and the flavor
dependence is suppressed, as expected. In terms of physical scales
δ˜d12 =
m˜212
m˜2q˜
∼ 1.4× cy,G√|n|
(
MGUT
MPl αGUT
)1/3
. (3.20)
The same estimate applies also to the off-diagonal flavor transitions for sleptons,
parametrized by δ˜l12. Note however that the effective local magnetization parameter
n is expected to differ for sleptons and squarks, as they are differently charged under
the hypercharge flux that breaks SU(5) down to the SM gauge group [31,33,34]. This
effect is also responsible for the breaking of the degeneracy between down-quark and
lepton Yukawa couplings [50]. Making use of the numerical estimates of [50] for the
local density of hypercharge flux one may check that the effect of the latter on the
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Figure 3: Left: Constraints on squark masses m˜q˜ vs the unification scale MGUT coming
from the kaon mass difference ∆mK induced by non-constant densities of closed string
fluxes along the GUT 4-cycle. Right: Analogous constraints coming from the CP
violation parameter ǫK .
off-diagonal soft masses is small and, within the model-dependent uncertainties of the
above estimation, we can take δ˜d12 ∼ δ˜l12 at the unification scale. Thus, the difference
in the limits below for sleptons and squarks comes mainly from their different running
under the RG.
Note from eq. (3.20) that off-diagonal soft masses turn out to be parametrically
suppressed by the ratio between the unification and the Planck scales. In a standard
unification scheme with MGUT ≃ 1016 GeV this suppression is only of order ∼ 0.1
and the actual value at MGUT therefore depends substantially on the particular details
of the magnetization parameter n and the closed string flux variation parameter cy,G,
allowing for relatively large amounts of non-universal soft masses at the unification
scale. On the other hand, as we have discussed in the beginning of this section, at
low-energies there is an extra suppression factor (1 + g(t)ξ2)−1 that comes from the
RG running between the unification scale and the SUSY-breaking scale MSS and that
dilutes the non-universal terms substantially in the case of squarks and more weakly
in the case of sleptons.
Measurements of the kaon mass difference ∆mK put constraints on the real part of
the mixing δ˜d12 at the low-energy scale. The current experimental bounds require [72]
(see also [73]) ∣∣∣Re δ˜d12∣∣∣ = m˜212m˜2q˜ < 4.2× 10−2
m˜q˜
350 GeV
(3.21)
where m˜q˜ is the averaged squark mass at the scale MSS. From eq. (3.20) we then get
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a lower bound on the averaged squark mass
m˜q˜ &
|Re cy,G|
(1 + g(t)ξ2)
√|n| ×
(
MGUT
MPl
)1/3
× 35 TeV (3.22)
where we have taken α−1GUT = 24. Note that for typical values MGUT ≃ 1016 GeV,
n ≃ cy,G ≃ 1 and ξ2 ≃ 2, this expression leads to m˜q˜ & 350 GeV, which is in the range
already excluded by direct LHC searches. Thus ∆mK does not provide strong bounds
on the non-universalities induced by non-constant densities of closed string fluxes. This
is also shown in figure 3 (left) where we have represented the low-energy bound on the
averaged squark mass as a function of the unification scale. The bound becomes weaker
as the unification scale is lowered, due to the decreasing of the flux variation over S.
The situation becomes much tighter if we consider the experimental constraints
that come from the measured CP violation parameter ǫK . These yield [72]∣∣∣Im δ˜d12∣∣∣ < 1.8× 10−3 m˜q˜350 GeV . (3.23)
The local density of closed string flux G(z, z¯) is complex and so is the parameter
cy,G. We therefore expect the real and imaginary parts of m˜12 to be generically of the
same order. In that case, the strong constraints coming from ǫK translate into a more
stringent limit for the averaged squark mass
m˜q˜ &
|Im cy,G|
(1 + g(t)ξ2)
√|n| ×
(
MGUT
MPl
)1/3
× 8.1× 102 TeV (3.24)
A standard unification scale MGUT ≃ 1016 GeV and typical values n ≃ cy,G ≃ 1 and
ξ2 = 2 imply an averaged squark mass of at least m˜q˜ & 8 TeV, well above the current
bounds coming from direct searches at the LHC. Thus, while we have seen that the
constraint on the real part of m˜212 is not very relevant in this context, the constraint
on the imaginary part turns out to be much stronger. We have depicted the bound on
the averaged squark mass versus the unification scale in figure 3 (right).
The limits coming from the (yet unmeasured) µ → eγ decay turn out to be quite
strong. Using results from [74] we can obtain an estimate based on recent experimental
data [75]
|δ˜l12| < 4× 10−4
(
m˜l˜
500 GeV
)2
. (3.25)
From the leptonic analogue of eq. (3.20) we then obtain
m˜l˜ &
√
|cy,G|
(1 + g(t)ξ2)|n|1/2 ×
(
MGUT
MPl
)1/6
× 51 TeV . (3.26)
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If MGUT ≃ 1016 GeV, ξ2 = 2 and cy,G ≃ n ≃ 1 then m˜l˜ & 11 TeV. This is a
remarkably strong bound which, of course, may be substantially weakened by playing
with the model-dependent parameters, but it suggests that large masses for sleptons
are generically required.
3.2 Flavor mixing from non-constant open string fluxes
We now study the non-universalities that arise from non-constant local densities of
open string fluxes. For that aim, we consider the same 5¯ matter curve of the previous
sections, in this case with a constant density of closed string 3-form flux G0 and a non-
constant density of magnetization M(z, z¯) along the 4-cycle S. In order to evaluate
(2.31) we proceed in the same way as we did for non-constant densities of closed string
fluxes. Thus, we expand the density of magnetization around the point x = y = 0
where the wavefunctions (2.16) localize
M(z, z¯) =M0
(
1 +M∗y y +Myy¯ +Myy¯|y|2 + . . .
)
(3.27)
We have not displayed the expansion on x since it plays no role in the generation of
non-universalities, as it will become clear below.
In order to obtain the soft scalar mass matrix we must evaluate (2.31) on this
background, namely
m2ij =
gs
4
∫
C2
d2xd2y|G0|2
[
1−
∣∣∣∣M0m
∣∣∣∣ (1 +M∗y y +My y¯ +Myy¯|y|2 + . . .)
]
ψ+i (ψ
+
j )
∗
(3.28)
Note that the local Gaussian wavefunctions introduced in section 2 were actually de-
rived for constant open string fluxes and are in principle not directly applicable to this
case. However, it was shown in [46] that the wavefunctions for non-constant open string
fluxes have the same Gaussian structure (2.17) multiplied by a polynomial expansion
on the local variables x, x¯, y and y¯. Thus, to first order in the coordinate expansion the
effect of this factor is to contribute a further term, linear on y, on the integrand. This
in practice amounts to a redefinition of the coefficient My in (3.27). Therefore, in what
follows My represents an effective coefficient that includes not only the effect from the
varying flux density M(z, z¯) but also the correction from the modified wavefunction.
The integral (3.28) with the wavefunctions (2.17) is formally equivalent to (3.10),
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so that we can borrow the results of the previous subsection to obtain
m2q˜ =
gs
4
|G0|2
(
1−
∣∣∣∣M0m
∣∣∣∣
)
, δm2i =
gs
4
|G0|2Myy¯
q|m|(4− i) (3.29)
m212 =
gs
4
|G0|2My|m|
√
2|M0|
q
, m223 =
gs
4
|G0|2My|m|
√
|M0|
q
where we have organized the soft scalar mass matrix accordingly to eq. (3.14). To
estimate the size of the non-universalities we note in addition to eqs. (3.16) that the
coefficients of the magnetization expansion scale with the volumes as
My ∼ 2 cy,F
Vol(S)1/4
, Myy¯ ∼ 4 cyy¯,F
Vol(S)1/2
, (3.30)
where cy,F and cyy¯,F are adimensional complex constants. Moreover, the parameter m
in the background for Φ, eq. (2.8), scales as (see e.g. [76])
m ≃ η
2πα′
(3.31)
where η is a complex adimensional parameter related to the angle of the intersection
between the GUT branes and the extra U(1) D7-brane. Plugging these scalings into
eqs. (3.29) we obtain
δd12 =
m212
m2q˜
∼ 8π
3/2 cy,F |n|1/2
η
(
5
3
)1/4
α′
Vol(S)1/2
(3.32)
ρd12 =
δm22 − δm21
2m2q˜
∼ −4π cyy¯,F
η
(
5
3
)1/2
α′
Vol(S)1/2
Thus, unlike the case of varying closed string fluxes, for a non-constant density of open
string flux along S, both δd12 and ρ
d
12 are parametrically of the same order. Making use
of eq. (3.4) and expressing the result in terms of the physical scales we have that in
the basis where the quarks mass matrix is diagonal, δ˜d12 reads
δ˜d12 ∼
1
η
(
MGUT
Mst
)2 (
1.28 · cy,F
√
|n| cos 2θ − 0.41 · cyy¯,F sin 2θ
)
(3.33)
where Mst = α
′−1/2 is the string scale.
These results show that there are potentially sizeable off-diagonal transitions, which
are parametrically suppressed byMGUT/Mst = (2αGUT/gs)
1/4. Barring fine-tunings, for
generic θ the second contribution in (3.33) is somewhat smaller than the first for n ≥ 1,
so that we use the first term for our estimation of squark limits. From the constraints
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on ∆mK discussed in the previous subsection we obtain that the averaged squark mass
is bounded from below as
m˜q˜ &
1
1 + g(t)ξ2
√
|n|
gs
cy,F
η
× 3.1 TeV . (3.34)
In particular, for gs ≃ n ≃ cy,F ≃ η ≃ 1 and ξ2 = 2, we get m˜q˜ & 330 GeV, and as in
the closed string flux case, the constraints are weaker than the direct limits from LHC.
The bound for the imaginary part of δ˜d12 coming from the CP violation parameter
ǫK is stronger and gives
m˜q˜ &
1
1 + g(t)ξ2
√
|n|
gs
cy,F
η
× 72 TeV . (3.35)
so that for gs ≃ n ≃ cy,F ≃ η ≃ 1 and ξ2 = 2 we get a lower bound m˜q˜ & 7.6 TeV
for the squarks, similar to the bound that arises for non-constant closed string flux
densities.
Figure 4: Bounds on the averaged squark mass due to non-constant closed and open flux densities
along the 4-cycle S if MGUT ≃ 1016 GeV. Left: bound coming from kaon mass mixing parameter
∆mK . Right: bound coming from the kaon CP violation parameter ǫK .
We show in figure 4 the lower averaged squark mass bound from closed and open
string fluxes as a function of the magnetization parameter n, coming from both ∆mK
and ǫK . Combining closed and open string fluxes, squarks should be heavier than
m˜q˜ & 8 TeV to suppress sufficiently the contribution to CP violation in the kaon
system.
It is also illuminating to look at the dependence of these bounds on the unification
scale. Note in particular that the ratio MGUT/Mst in eq. (3.33) can be fixed in terms
of gs and αGUT. Thus, for fixed gs and αGUT the non-universal corrections from the
magnetization do not have a direct dependence on the value of the unification scale.
Despite of this, an indirect dependence appears due to the renormalization of squark
masses from MGUT down to low-energies. The higher the value of MGUT, the larger is
the effect of the running and the induced non-universalities are further diluted. This
Figure 5: Lower bound on the squark mass from CP violation as a function of the unification scale
MGUT. The contribution of both closed and open string fluxes is shown.
indirect dependence on MGUT is of course also present for the non-universal terms in-
duced by closed string fluxes, but in that case the direct dependence on (MGUT/MPl)
1/3,
c.f. eq. (3.20), dominates over the indirect dependence. As a consequence the bounds
on the averaged squark mass decrease in this case for lower MGUT. This is displayed
in figure 5 for the limits that come from the CP violation parameter ǫK . Interest-
ingly, the weakest bounds are obtained for the standard values of the unification scale
MGUT ≃ 1016 GeV suggested by gauge coupling unification.
Let us finally turn to the limits that come from the yet unobserved branching ratio
BR(µ→ eγ). From eq. (3.25) and the leptonic analogue of (3.33) one obtains
m˜l˜ &
1√
1 + g(t)ξ2
( |n|
gs
)1/4√ |cy,F |
η
× 15.2 TeV (3.36)
IfMGUT ≃ 1016 GeV then one gets m˜l˜ & 10.6 TeV, quite similar to the results obtained
from non-constant closed string fluxes.
In figure 6 we show a summary of the bounds on the selectron and smuon masses
for different values of n and MGUT. Note that in settings like this, where slepton and
squark masses unify at MGUT, having sleptons with masses of order ∼ 10 TeV would
imply much heavier squarks, with masses as large as ∼ 25 TeV, quite above the bounds
coming from the kaon system.
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Figure 6: Bounds on the average slepton masses as a function open string flux n and unification
scale MGUT. Contributions from non-constant open and closed string fluxes are shown.
At MGUT At TeV scale Experimental constraint∣∣∣Re δ˜d12∣∣∣ 0.39 a
0.37 b
4.1× 10−2 a
3.9× 10−2 b 4.2× 10
−2 m˜q˜
350 GeV∣∣∣Im δ˜d12∣∣∣ 0.39 a
0.37 b
4.1× 10−2 a
3.9× 10−2 b 1.8× 10
−3 m˜q˜
350 GeV∣∣∣δ˜l12∣∣∣ 0.39 a
0.37 b
1.9× 10−1 a
1.8× 10−1 b 4× 10
−4
(
m˜l˜
500 GeV
)2
Table 1: Prediction and experimental constraints for the mixing parameters δ12 coming
from ∆mK , ǫK and BR(µ → eγ) measurements/limits. The model-dependent param-
eters a and b are defined as a = cy,G/|n|1/2 and b = cy,F |n|1/2/(g1/2s η) and are expected
to be of order ∼ 1.
As a general summary of the numerical results obtained in this section for varying
closed and open string fluxes, we present in table 1 the expected values of the real and
imaginary parts of δ˜d12 and of δ˜
l
12, both at the MGUT and the TeV scales, as well as the
corresponding experimental limits.
4 Flavor violation, symmetries and the LHC reach
Given the stringent results obtained above, with squark and slepton masses above the
∼ 10 TeV range, inaccessible to LHC, a natural question arises. Under what conditions
these bounds may be released and allow for a SUSY spectrum within experimental reach
at LHC?
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The answer is obviously that those compactifications in which the fluxes vary very
slowly on S will get relaxed bounds. Examples of such models are the toroidal Type
IIB orientfolds (and orbifolds there-off) of e.g. [56, 77–79] in which indeed constant
fluxes are used. On the other hand one may reasonably argue that such models are
not completely realistic and in any event rather un-generic.
It could be argued though that we have to some extent assumed the most pessimistic
scenario in which the variation of fluxes within the manifold S is linear in the local
coordinates with coefficients cy,G and cy,F of order one. The bounds on squark masses
are proportional to these coefficients so that if for some reason they are suppressed (say,
|cy,G| ≃ |cy,F | ≃ 1/4) squarks could be accessible to LHC. One possibility is that some
symmetry (e.g. x, y → −x,−y) forbids the linear variation of the fluxes, see e.g. [80–88]
for some recent papers on discrete flavour symmetries in string compactifications. In
this case the first terms contributing to the flux expansion would be quadratic. We
can repeat the analysis in this case to find, for non-constant closed string flux density
a contribution to the mass difference (contributing through eq. (3.4) to δ˜d12)
ρd12 =
δm22 − δm21
2m˜2q˜
=
|Gyy¯|
2q|M0| =
|cyy¯,G|
π|n|
(
5
3
)1/2
̺2 = 0.5
∣∣∣cyy¯,G
n
∣∣∣ ( MGUT
MPl αGUT
)2/3
(4.1)
that leads to the lower bound
m˜q˜ &
|cyy¯,G|
(1 + g(t)ξ2)|n| ×
(
MGUT
MPl
)2/3
× 35.9 TeV . (4.2)
For MGUT ≃ 1016 GeV and parameters of order one, one gets a very weak bound with
m˜q˜ & 34 GeV. Note that to quadratic order there is no imaginary contribution to δ
d
12
so there is no contribution to CP violation from this correction. Similar results are
obtained from the quadratic term coming from non-constant open string fluxes which
yield
ρd12 =
δm22 − δm21
2m˜2q˜
=
Myy¯
2q|m| =
4π|cyy¯,F |
η
(
5
3
)1/2
α′
Vol(S)1/2
= 0.41
|cyy¯,F |
η
(
MGUT
Mst
)2
(4.3)
and gives rise to
m˜q˜ &
1
1 + g(t)ξ2
1√
gs
|cyy¯,F |
η
× 0.99 TeV . (4.4)
For MGUT ≃ 1016 GeV and parameters of order one, one gets again a very weak bound
with m˜q˜ & 105 GeV, since there is no CP violating contribution to the kaon system in
this case. In fact one can also check that similar limits to these may be obtained from
the quadratic contribution to Im δ˜d13. In this case the quadratic contribution is complex
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and a contribution to CP violation in the B0d system exists. We skip this analysis here
for simplicity.
Regarding the limits that come from the µ → eγ rate, it is possible to check that
one gets from the leptonic analogues of (4.1) and (4.3) the lower bounds
m˜l˜ &
√
|cyy¯,G|
(1 + g(t)ξ2)|n| ×
(
MGUT
MPl
)1/3
× 52 TeV (closed string flux) (4.5)
m˜l˜ &
1√
1 + g(t)ξ2
1
g
1/4
s
√∣∣∣∣cyy¯,Fη
∣∣∣∣× 8.6 TeV (open string flux) .
With MGUT ≃ 1016 GeV and parameters of order one, the resulting limits on the
averaged slepton mass are m˜l˜ & 3.4 TeV from the first and m˜l˜ & 6 TeV from the
second. Altogether we see that the limits on squark masses are totally relaxed if
linear terms are absent whereas those from lepton number violation are only somewhat
released. This is mostly due to the fact that the RG dilution is larger for squarks than
for leptons. Additional uncertainties in factors could allow for lighter slepton masses,
within reach of LHC, but certainly the slepton limits are harder to relax.
5 Discussion
We have shown how non-constant fluxes in large classes of string compactifications with
a MSSM structure give rise to substantial flavor violating SUSY-breaking soft terms.
We have concentrated on a setting with an underlying local SU(5) unification within
type IIB/F-theory, but the results may easily be extended to other compactifications.
In our setting the gauge fields correspond to 7-branes wrapping a 4-dimensional
manifold S inside a 6-dimensional compact manifold B3. Matter fields are localised at
complex matter curves within S and open string fluxes F2 provide for the required 4d
chirality. One can locally determine the internal wavefunctions of these matter fields
in terms of the 7-brane equations of motion. One finds that the SM generations have a
Gaussian profile, with different generations peaking at different points over the matter
curve. In the presence of IIB closed string fluxes G3, SUSY-breaking soft terms are
generated for the fields living in the matter curve and in the gauge sector. When these
fluxes are approximately constant over S, the soft terms obtained are flavor independent
and correspond to the usual modulus-domination soft terms for fields with modular
weight 1/2 obtained using a supergravity approach [19,54–56]. Our results provide the
first microscopic derivation of this soft-term structure, whose phenomenology at LHC
has been analyzed in refs. [19–22].
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In the more generic case of non-constant open and closed string fluxes, the flux felt
by each generation is different, since their wave functions are peaked at different points
on the matter curve. This may give rise to important flavor violation in the sfermion
mass matrices, which require squark and slepton masses of the first two generations to
be in the ∼ 10 TeV range. Particularly strong are the limits coming from the decay
µ→ eγ.
In some models the non-constant local flux density near the GUT 7-branes could
be due to the backreaction of localized SUSY-breaking sources present in the com-
pactification (for non-constant closed string fluxes) or non-perturbative effects (for
non-constant open string fluxes). In those cases, our computation can be understood
as the supergravity computation of the non-universal threshold corrections to the soft
scalar masses that result from integrating the corresponding heavy open string and/or
non-perturbative modes out.
Our analysis may be extended in different directions. We have considered here the
simplest structure from ISD (0, 3) closed string fluxes. A computation of soft terms for
fields on matter curves for more general classes of closed string fluxes will be presented
elsewhere [61]. Still no relevant changes are expected from these more general back-
grounds with respect to the flavor changing transitions that we have discussed here.
In a different vein, one can perform similar computations in other compactification
schemes. For example, very similar results are expected in the case of type IIA models
with intersecting D6-branes or their relatives, models based on M-theory compactifi-
cations on manifolds with G2 holonomy. In particular, the three generations of SU(5)
5-plets will arise at different intersections of a SU(5) stack with a U(1) stack. These
intersections happen at different points in compact space and soft terms induced by
(non-constant) closed string fluxes will be different for the different generations. Fur-
thermore the intersection angles for the three generations (which are T-dual to the
open string fluxes in IIB) will be generically different. This is the dual of having non-
constant open string fluxes in the IIB side. All in all, the same structure that we find
in a IIB/F-theory is expected in this other large class of compactifications. Finally,
we have concentrated in our analysis on flavor violating transitions from the first and
second quark/lepton generations, since they give the strongest constraints. It would
be interesting to do a more through analysis including the third generation fermions
Given the numerical uncertainties we cannot exclude squarks being discovered at
the LHC. In particular we have shown how e.g. symmetries can substantially relax the
obtained mass limits, although this relaxation seems more difficult in the case of the
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first two generations of sleptons. On the other hand a heavy SUSY spectrum seems to
be preferred by the observed mass of the Higgs mH ≃ 126 GeV. Our results seem to
go in the same direction.
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